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Abstract Mineral dust in the atmosphere impacts Earth’s radiative budget and biogeochemical cycles.
Sorting of dust-sized particles within the ﬁrst fewmeters above the soil during wind erosion is still unknown.
In particular, the sensitivity of the size distribution of dust ﬂux to wind intensity has been questioned for
years. This sensitivity is reanalyzed here using a novel erosion model developed in a turbulent airﬂowmodel.
Starting from air free of dust, the suspension of small dust (1.5 μm) needs several hours to reach a stationary
state against about 20 min for coarser dust (> 5 μm). During this nonstationary phase, a continuous
enrichment of the near-surface dust ﬂux in small particles is simulated, enrichment enhanced with wind
intensity. This is explained by the lower deposition velocity of small dust particles, a process usually ignored
in interpretation of ﬁeld data but that plays a crucial role in sorting dust particles.
1. Introduction
Mineral dust in the atmosphere aﬀects the Earth’s radiative budget by absorbing and diﬀusing solar and
terrestrial radiation, and indirectly by impacting cloud and precipitation formation [e.g., Yin et al., 2002; Shao
et al., 2011b]. Over a longer timescale, it also aﬀects biogeochemical cycles by adding or removing nutri-
ents to ecosystems [Mahowald, 2011]. Mineral dust contributes to a large uncertainty on the estimate of the
impact of the total radiative forcing on the climate [Intergovernmental Panel on Climate Change, 2013], and
existing global dust models still fail to predict accurately dust suspension [Uno et al., 2006; Todd et al., 2008;
Huneeus et al., 2011; Evan et al., 2014]. Part of model discrepancies rely on the estimation of surface dust
emission and deposition ﬂuxes, and their size distribution, and chemical and mineral composition, both
aﬀecting dust optical properties [Textor et al., 2006; Knippertz and Todd, 2012].
The size distribution of dust emission ﬂuxes and its dependence to wind condition remain controversial.
On one hand, the wind tunnel experiments of Alfaro et al. [1997, 1998] showed that near-surface dust ﬂux
exhibits a signiﬁcant enrichment in small dust particles with increasing wind speed. They explained it by the
enhancement of soil particle disaggregation with wind speed as saltators have more energy to extract small
particles. This led Alfaro and Gomes [2001] and Shao [2001, 2004] to propose dust emission models where
the proportion of small particles in the dust emission ﬂux increases with wind speed. This was recently
supported by Sow et al. [2009] who observed a signiﬁcant enrichment in small dust for the most
energetic erosion events although no relationship between size distribution and ﬂuctuations of the friction
wind velocity was observed during erosion events. On the other hand, Kok [2011] argued that published
measurements show no statistically signiﬁcant trend with wind speed. He suggested that the disaggrega-
tion of soil under saltation has some similarity with the fragmentation of a brittle material and proposed for
well-established erosion regimes, an analytical expression of the size distribution of dust ﬂuxes depending
on soil type but independent of the wind velocity. Kok explained this last assumption by the independence
of the average saltator speed impacting the surface to the wind regime while the models of Alfaro et al.
[1997, 1998] and Shao [2001, 2004] consider that saltator impact speed increases with increasing wind. Kok
suggested that the size dependence of dust ﬂux to wind speed observed by Alfaro et al. [1997] was due to
the nonestablishment of the erosion regime. The approach of Kok [2011] is consistent with the model of
Alfaro et al. [1997] provided that the speed of impacting saltators is eﬀectively constant on average.
In this study, we reanalyze the dependence of the size distribution of the dust ﬂux to the wind speed for
erosion events starting from an air free of dust. To that purpose, we use the most detailed physically based
soil erosion model to date to simulate at high-resolution dust emission, transport, and deposition over a
DUPONT ET AL. ©2015. American Geophysical Union. All Rights Reserved. 1992
Geophysical Research Letters 10.1002/2015GL063116
bare soil for diﬀerent wind conditions. The novelty of this model is to represent explicitly the main ero-
sion processes (saltation, sandblasting, dust suspension) within a large eddy simulation airﬂow model that
simulates instantaneous wind and thus turbulent ﬂow eddies and erosion intermittency. This represents the
ﬁrst attempt to simulate the full erosion process in a turbulent ﬂow.
2. Model
The three-dimensional saltation model of Dupont et al. [2013, 2014] is extended to dust suspension.
All saltating and dust particles are considered spherical with a diameter dp, a density 𝜌p, and a mass
mp (= 𝜋d3p𝜌p∕6).
2.1. Saltation
The sand bed is dry and composed of sand grains with various diameters that follow a multimodal size
distribution. Under strong wind, the saltation of these grains is solved by modeling (1) individual particle
trajectories through a Lagrangian particle motion equation, (2) the two-way interaction between the
turbulent ﬂow and particle motions, and (3) the surface splashing of particles, including rebound,
ejection of other sand grains, or deposition. Interparticle collisions in the air and sand bed deformation are
ignored. Particle aerodynamic entrainment is neglected as only well-developed saltation conditions are
considered. Since only a statistically representative number of particle trajectories is explicitly resolved, a
ratio Q between the real number of particles and the number of numerically resolved particles is introduced
in the wind ﬂow conservation equations. Full details can be found in Dupont et al. [2013].
2.2. Dust Dispersal
As dust particles are smaller and more numerous than saltating particles, an Eulerian approach is preferred
over a Lagrangian one to solve dust dispersal as it would be diﬃcult to explicitly simulate the individual
trajectory of a statistically representative number of dust particles. The size distribution of dust particles
is divided into nb discrete bins characterized by a mean particle diameter dp,b and an interval Δdp, where
the subscript b refers to the bth bin. Hence, a separate and independent conservation equation of dust
concentration cb is solved for each size bin (Einstein summation convention is used):
𝜕cb
𝜕t
+
(
ui − vs,b𝛿i3
) 𝜕cb
𝜕xi
= −
𝜕𝜏b,i
𝜕xi
, (1)
where t is time and xi (x1 = x, x2 = y, and x3 = z) refer to the streamwise, lateral, and vertical directions,
respectively; ui (u1 = u, u2 = v, u3 = w) is the instantaneous velocity component along xi , 𝛿ij is the
Kronecker symbol, vs,b is the particle settling velocity (= 𝜌pgd2pCc∕ (18𝜌𝜈) with 𝜌 the air density, 𝜈 the air
molecular kinematic viscosity, g the acceleration due to gravity, and Cc the Cunningham correction factor),
and 𝜏b,i the subgrid ﬂux of dust. The latter ﬂux is written as follows:
𝜏b,i = −
𝜈t
Pr
𝜕cb
𝜕xi
, (2)
where 𝜈t is the eddy diﬀusivity and Pr the Prandtl number. At the surface, this ﬂux corresponds to dust
released through sandblasting (Fs,b) minus dust depositing on the surface (Fd,b):
𝜏b,3|surf = Fs,b − Fd,b. (3)
Unlike saltating particles, the impact of dust on the ﬂow is neglected.
2.3. Dust Emission and Deposition
Using the same concept as the model of Alfaro and Gomes [2001], dust emission occurs only through the
breakage of the cohesion forces of dust particles on soil sand grains by impaction of saltating particles
(sandblasting). When a saltator s impacts the surface, the kinetic energy available for releasing dust
particles is
ΔEs = 𝛼
(
Esimp − E
s
reb − E
s
ej
)
, (4)
where 𝛼 is the eﬃciency coeﬃcient of energy transfer from the saltating to dust particles, Esimp, E
s
reb, and E
s
ej
are the kinetic energies of the impacting, rebounding, and ejecting saltating particles, respectively, which
are explicitly simulated by the saltation model.
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As in Alfaro and Gomes [2001], dust particles released by sandblasting are sorted into three lognormally
distributed modes independently of soil characteristics. The mass median particle diameter of these three
modes are 1.5, 6.7, and 14.2 μm. Particles of the ith mode are characterized by a cohesion energy ei when
aggregated to the soil. The number of dust particles released in bin b by impacting saltators is the sum of
dust particles released in each mode i:
Fs,b =
Q
ΔxΔyΔt
ns∑
s=1
3∑
i=1
piΔEs
ei
(
Pi
(
dp,b
)
Δdp∑nb
b=1 Pi
(
dp,b
)
Δdp
)
, (5)
where Δt is the model time step, Δx and Δy are the grid cell sizes in the x and y directions, ns is the number
of saltators impacting the area ΔxΔy per time step, pi is the fraction of the available kinetic energy (ΔEs)
used to release dust particles of mode i, and Pi is the size distribution of released dust of mode i.
Dust deposition on soil occurs only through dry deposition accounting for gravitational settling, turbulent
mixing, and Brownian diﬀusion, as usually done in large-scale models [e.g., Seinfeld and Pandis, 1998]. Hence,
the deposition ﬂux of dust particles from the bth bin is
Fd,b = vd,bcb, (6)
where vd,b is the particle dry deposition velocity that is classically parameterized as a set of resistances
[Wesely, 1989; Seinfeld and Pandis, 1998]:
vd,b =
(
ra + rl,b + rarl,bvs,b
)−1 + vs,b. (7)
The aerodynamic resistance accounts for turbulent transfer near the surface: ra = ln
(
zs∕z0
)
∕
(
𝜅u∗
)
,
where zs is the half height of the ﬁrst grid cell above the surface, z0 is the surface roughness length,
and u∗ is the wind friction velocity near the surface (u∗ was simply deduced here by assuming a
logarithmic wind proﬁle at zs). The quasi-laminar resistance represents the transfer through a quasi-laminar
layer adjacent to surface obstacles accounting for both the Brownian diﬀusion and the inertial impact
of particles: rl,b =
[
u∗
(
S−2∕3c + 10−3∕St
)]−1
, where Sc = 𝜈∕Dg is the Schmidt number (with the Brownian
diﬀusivity Dg = kTCc∕
(
3𝜋𝜌𝜈dp,b
)
, k is the Boltzmann’s constant, and T the air temperature) and
St = u2∗vs,b∕ (g𝜈) is the Stokes number.
2.4. Simulation Description
Simulations of aeolian soil erosion were performed under idealized conditions: (1) a ﬂat and inﬁnite bare
soil, (2) statistically constant wind events although turbulent eddies are explicitly simulated, (3) neutral
atmosphere, meaning only shear-driven turbulence, and (4) air free of dust at the beginning of the event.
Three wind conditions are investigated, characterized by friction velocities (with saltation) u∗s of 0.47,
0.63, and 0.77m s−1. Here u∗s has been deduced from the momentum ﬂux ⟨u′w′⟩ at 2m height, where
the symbol ⟨⟩ denotes a time and horizontal space average and the prime denotes the deviation from the
averaged value.
The soil and computational domain characteristics are similar to the ones used in Dupont et al. [2013] for
which the saltation model has been evaluated successfully. The soil has a size distribution of sand grains
with only one dominant population (one mode) characterized by a mass median particle diameter of
200 μm and a geometric standard deviation of 1.2, corresponding to a roughness length z0 of 10 μm. The
computational domain extends over 20 × 15 × 12m, corresponding to 200 × 150 × 100 grid points in
the x, y, and z directions, respectively, and to a horizontal resolution Δx and Δy of 0.10m. The vertical grid
resolution Δz is 0.01m at the surface, and the grid is stretched above. The lateral boundary conditions are
periodic for both wind ﬂow and particle motion, which simulates an inﬁnite erodible soil. The bottom wind
boundaries are treated as rigid and the surface momentum ﬂux is parameterized by using bulk aerodynamic
drag laws [Dupont and Brunet, 2008]. A 3m deep Rayleigh damping layer is used at the upper boundary and
the ﬂow is driven by a depth-constant geostrophic wind corresponding to a base state wind at the upper
boundary. Wind ﬁelds were initialized using a logarithmic proﬁle. The ﬂow, saltation particle motion and
dust concentration equations were resolved with the same time step (0.0002 s). As in Dupont et al. [2013],
simulations were performed in two steps. The ﬂow dynamic was ﬁrst solved without saltation and dust
suspension. Once the ﬂow dynamic reached an equilibrium state with the soil, then 10,000 initially resolved
saltating particles were released randomly within the lower 0.3m depth layer above the surface, and the
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Figure 1. Snapshot of the aeolian soil erosion as simulated by the model (u∗s = 0.47m s−1) including saltation near the
surface (each dot represents a numerically resolved sand particle, the color of dots informs on particle height) and dust
suspension, visible from 1.5 μm dust concentration in mass in x-z and y-z vertical sections.
erosion modules were activated. The diameter of these initial saltating particles was taken randomly from
the size distribution of the soil grains. Erosion events of 20 min were simulated.
For this study, some simpliﬁcations in the dust emission scheme have been made: (1) the cohesion energy ei
between dust particles and sand grains has been considered identical, independent of the dust particle size,
(2) the fraction pi of the available kinetic energy used to release dust particles of mode i has been chosen
equal to 1∕3, meaning that particles of the three modes have the same probability of being released if the
available kinetic energy is suﬃcient, and (3) the three modes of dust particles have a geometric standard
deviation of 1, meaning that all particles of modes 1, 2, and 3 have diameters of 1.5, 6.7, and 14.2 μm. This
last simpliﬁcation allowed us to consider only three bins, corresponding to the three modes of released dust
particles. With these simpliﬁcations, the number of dust particles released in bin b (or mode i) by impacting
saltators (equation (5)) becomes
Fs,b =
Q
ΔxΔyΔt
ns∑
s=1
ΔEs
3e
, (8)
where e is the cohesion energy of dust, which controls the amplitude of dust emission. To obtain a
sandblasting eﬃciency (ratio between dust and saltation ﬂuxes) of the same order as reported in the
literature [e.g., Gillette, 1979], e has been taken equal to 1.8×10−9 kgm−2 s−2. Since only near-surface sorting
of dust-sized particles other than the sandblasting one is investigated, a real size distribution and amplitude
of emitted dust is unnecessary. The conclusions of this study are not expected to be sensitive to the value of
e as the dust emission is balanced by the dust deposition.
3. Results
To illustrate the model capability, Figure 1 shows an instantaneous view of the aeolian soil erosion as
simulated by the model with (1) the saltation process near the surface, where each dot represents a sand
particle, and with (2) the dust suspension process in vertical sections, where the dust concentration in air is
solved. Blowing sand structures, known as aeolian streamers, are visible near the surface. These structures
induce, by sandblasting, clouds of high dust concentration that disperse in the atmospheric surface layer
through the ﬂow turbulence (see the animation presented in the supporting information).
The time variation of the spatially averaged saltation ﬂux, Gtot, shows that saltation reaches in less than
1min a stationary state with ﬂuctuations related to ﬂow turbulence (Figures 2a and 2b), as observed in
Dupont et al. [2013]. The time-averaged values of Gtot as a function of u∗s are consistent with values obtained
in Dupont et al. [2013] (see Table 1). The spatially averaged dust emission ﬂux, Fs,b, is equal in number
(not in mass) for all particle diameters as speciﬁed in the emission model. As expected, Fs,b behaves
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Figure 2. (a–b) Time variation of the spatially averaged saltation ﬂux Gtot and dust emission ﬂux Fs,b, (c–d) dust deposition ﬂux Fd,b , dust total ﬂux at 2m
height Fb and dust turbulent-diﬀusive ﬂux at 2m height Fwc,b of 1.5, 6.7, and 14.2 μm dust, and (e–f ) air concentration at 2m height of the three dust sizes, for
u∗s = 0.47m s−1 (left side) and 0.77m s−1 (right side). Gtot has been evaluated from the spatially averaged instantaneous horizontal ﬂux of saltating particles
as done in Dupont et al. [2013]. The total dust ﬂux includes the turbulent diﬀusive ﬂux and the gravitational-settling ﬂux, where Fwc,b was deduced from corre-
lations between the ﬂuctuations of the vertical wind velocity component and the dust concentration. The vertical dashed lines in Figures 2c and 2d indicate the
transition between nonstationary and stationary states.
similarly as Gtot, reaching rapidly a stationary state as well (Figures 2a and 2b). On the other hand, the
intensity of the spatially averaged dust deposition ﬂux (in absolute value), Fd,b, is lower than Fs,b (Figures 2c
and 2d) and increases continuously with time, with ﬂuctuations in accordance with the saltation ﬂux. As a
consequence, the total dust ﬂux at 2m height (Fb), including the turbulent diﬀusive ﬂux due to turbulent
motions (Fwc,b) and the gravitational-settling ﬂux due to particle weight (Fset,b), decreases with time. The
temporal trend of Fd,b, and thus Fb, is explained by the enhancement of the air dust concentration (cb)
(Figures 2e and 2f), Fd,b being proportional to cb. Hence, unlike Gtot and Fs,b, Fd,b and near-surface dust ﬂuxes
reach a stationary state at a slower rate, more than 20min for some particle diameters and wind conditions.
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Table 1. Values of the Time- and Space-Averaged Saltation Flux Gtot, the Estimated Time Tb Needed for
Dust Particle Diameter dp,b to Reach Stationary Condition, and the Particle Deposition Velocity vd,b , for the
Three Wind Conditionsa
Gtot vd,1 vd,2 vd,3
Cases (kgm−1 s−1) T1 T2 T3 (m s
−1) (m s−1) (m s−1)
u∗s = 0.47 m s−1 0.006 15 h 34min 13min 2.4 × 10−4 2.7 × 10−2 4.2 × 10−2
u∗s = 0.63 m s−1 0.020 11 h 25min 12min 2.6 × 10−4 3.9 × 10−2 5.2 × 10−2
u∗s = 0.77 m s−1 0.036 4 h 23min 12min 3.7 × 10−4 4.8 × 10−2 6.1 × 10−2
aSubscripts 1, 2 and 3 refer to 1.5, 6.7, and 14.2 μm dust, respectively.
This implies that the whole dust suspension process takes longer to reach a stationary state than the
saltation process.
To evaluate the time Tb needed for the air to reach a saturation state in dust diameter dp,b, i.e., to reach
an equilibrium state between emission and deposition, we extrapolated linearly the ﬁrst 10min trend
of Fd,b to ﬁnd the time when −Fd,b would be equal to Fs,b. Values of Tb are reported in Table 1. The
nonstationary phase of the suspension process appears longer for small dust particles and for lower wind
conditions. Saturation is reached in about 12min for 14.2 μm dust and u∗s= 0.77m s−1, which is veriﬁed in
Figure 2d where −Fd,3 is almost equal to Fs,3 after 12min, F3 is near zero, and in Figure 2f where c3 becomes
constant with time. On the other hand, for 1.5 μm dust, several hours are needed to reach saturation in high
wind conditions, to approximately 15 h for low wind conditions.
This long delay for dust to reach saturation has consequences on the size distribution of near-surface dust
ﬂux compared to the size distribution at emission. Figures 3a and 3b present the time variation of the
fraction of the turbulent-diﬀusive ﬂux (solid lines) in number and in mass, respectively, of the three dust
sizes to the total turbulent-diﬀusive dust ﬂux Fwc,tot, at 2m height, and for the three wind conditions. We
recall that at the surface, these ratios have been imposed in the dust emission scheme to 0.33 (in number)
for the three dust sizes, which corresponds in mass to 0.001, 0.095, and 0.904 for the 1.5, 6.7, and 14.2 μm
dust, respectively. At the beginning of the events, the fraction of 1.5 μm dust in the dust ﬂux is already
Figure 3. Time variation of the spatially averaged fraction (a) in number and (b) in mass of the three turbulent diﬀusive dust ﬂuxes Fwc,b at 2m height on the total
turbulent diﬀusive ﬂux Fwc,tot, and of the three dust particles concentration cb at 2m height on the total concentration ctot, for the three wind conditions (u∗s).
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higher at 2m than at emission due to the greater rate of deposition of the coarsest particles (14.3 μm) within
the ﬁrst meters above the soil. During the ﬁrst 20 min, the proportion in number of the 1.5 μm dust ﬂux
increases while that of the 6.7 μm particles decreases and that of the 14.3 μm particles decreases during
the ﬁrst minutes before stabilizing. For the strongest event, the percentage of the 1.5 μm dust ﬂux goes
from about 52% to 70% in 20 min while for 6.7 and 14.2 μm dust ﬂuxes it goes from 27% to 12% and 21%
to 19%, respectively, compared to the 33% at emission for the three particle diameters. This continuous
enrichment in 1.5 μm dust at 2m height is due to the nonstationarity of the suspension process of small
dust. This enrichment is greater during the ﬁrst 10 min and greater with increasing wind speed. At 20min,
1.5 μm dust ﬂux represents 55% of dust particles for the lowest wind condition, and 70% for the highest
wind condition. This enrichment of dust ﬂuxes is also observed for dust concentrations with even larger
amplitudes (dashed lines in Figures 3a and 3b). In terms of mass, the fraction of the 1.5 μm dust is negligible,
which leads for the strongest events (Figure 3b for u∗s = 0.63 and 0.77m s−1) to an apparent stationary state
after few minutes for 6.7 and 14.2 μm dust.
4. Discussion
A continuous enrichment of near-surface dust ﬂux (turbulent diﬀusive ﬂux within the ﬁrst few meters)
in small particles (1.5 μm) is simulated during the nonstationary phase of the erosion development. This
enrichment increases with wind speed. Since the size distribution of emitted dust was ﬁxed, independently
of the wind speed, this enrichment can only be explained by the particle deposition velocity vd,b. Dust
deposition of small particles (1.5 μm) is much less than that of coarser dust (6.7 and 14.2 μm) as vd,b of
small dust is always 2 orders of magnitude lower than that of coarser dust, around 10−4 and 10−2 m s−1,
respectively (Table 1). Consequently, a high concentration of small dust particles (in number) in the air is
required to reach saturation. This can take several hours depending on the wind speed, compared to about
20min for coarser dust. With increasing wind speed, the higher enrichment of dust ﬂux in small particles
during the ﬁrst 20 min of the erosion event is mainly explained by the more rapid unstationary phase, and
less by vd,b as vd,b is approximately doubled for the three particle sizes when u∗s increases from 0.47 to
0.77m s−1. For stationary conditions, the possibility of dust ﬂux enrichment in small particles with increasing
wind speed remains unknown as these conditions have not been reached for small dust particles in our
simulations.
The deposition velocity plays a major role in the variability of the size distribution of dust ﬂux. Our
understanding of the eﬀect of this velocity with respect to particle size, wind condition, and surface
characteristics is poor due to the diﬃculty of measuring it accurately. Existing parameterizations of vd,b
exhibit a minimum value for the particle size range between 0.1 and 1 μm [Petroﬀ and Zhang, 2010]. Hence,
particles within this range reach slower stationary condition than other particles, and enrichment of dust
ﬂux with this particle size should be expected during a nonstationary state. Here vd,b was computed from a
standard parameterization used in large-scale dust models (section 2.3). The range of vd,b values simulated
here and reported in Table 1 is consistent with existing data on bare soil. For example, Petroﬀ and Zhang
[2010] presented values around 1.5 × 10−4, 1.2 × 10−2, and 5.0 × 10−2 m s−1 for 1.5, 6.7, and 14.2 μm dust,
obtained from their model and compared with the experimental data of Sehmel [1973] for a smooth bare
soil, with u∗s = 0.73m s−1 and a particle density of 1500 kgm−3. More recently, Zhang et al. [2014] obtained
from a wind tunnel experiment on a sand surface, values around 5 × 10−3, 3 × 10−2, and 3 × 10−2 m s−1 for
1.5, 6.7, and 14.2 μm dust, u∗s = 0.49m s−1, and a particle density of 2200 kgm−3. We are therefore conﬁdent
with the order of magnitudes of deposition velocities simulated in this study and thus in the conclusions on
the role played by the deposition velocity on the size distribution of dust ﬂuxes.
The simulations reveal that the suspension process reaches a stationary state more rapidly with increasing
wind speed, especially for small particles (1.5 μm). Two reasons explain this feature. First, vd,b increases with
wind speed, reducing the diﬀerence in magnitude between emission and deposition at the beginning of
the event. Second, the concentration of saltating particles in air increases with increasing wind speed, which
attenuates the turbulence within the saltation layer as compared to the one above (ﬁgure not shown), and
thus reduces the transfer of dust particles from the saltation layer to the above atmosphere, and enhances
dust deposition, especially for small dust. This second explanation results from the model hypothesis that
saltating particles attenuate the ﬂow turbulence due to their added drag on the ﬂow [Dupont et al., 2013].
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The long nonstationary state period of dust suspension means that for typical timescales of erosion events,
small dust particles would unlikely reach a stationary state, as the suspension mechanism of such particles
lasts more than few hours. On one hand, this duration may be underestimated in simulations due to the
limited vertical size of the computation domain that restrains particle dispersal above 9m height,
especially for the smallest dust particles. On the other hand, this duration is accentuated here by the
assumption that the air is free of dust at the beginning of the erosion event. This initial condition is
representative of wind tunnel experiments. In ﬁeld experiments, this is encountered downwind a long
nonerosive area such as dense vegetated areas, on the coast, downwind seas, or for a wind event
starting at the measurement location. In convective storms, this may be encountered before the dust front
passage. However, during its passage, the advected air is probably already saturated in dust, limiting the
nonstationary state of dust suspension.
The inﬂuence of vd,b on the enrichment of the near-surface dust ﬂux in small dust particles may explain
features previously observed in wind-tunnel experiments. In particular, the enrichment observed by Alfaro
et al. [1997] with increasing wind may be partly or totally explained by the non-stationarity of the dust
suspension process and by the variability of the deposition velocity with dust diameter and wind speed.
A comparison between the predictions of the dust emission model of Alfaro and Gomes [2001], which
was based on the wind tunnel experiment, and those of our model leads to the same level of enrichment:
+11.5% (+14.9%) in 1.5 μm dust, −10.8% (−13.8%) in 6.7 μm dust, and −0.7% (−1.1%) in 14.2 μm dust, for
u∗s increasing from 0.47 to 0.77m s
−1, as predicted in number by the Alfaro and Gomes’s’ model (here at
20min).
In ﬁeld experiments, the limited trend of size distribution of near-surface dust ﬂuxes with wind speed, as
reported by Kok [2011], could be explained (1) by the stationarity of the erosion events, assuming that the
size distribution of emitted dust is independent of wind speed and also (2) by an inappropriate comparison
of dust ﬂuxes measured at diﬀerent heights, obtained from diﬀerent intensity and duration events, or
processed with diﬀerent time integrations. For example, in our simulations, the same size distribution of 2m
height dust ﬂuxes could be obtained for two erosion events of diﬀerent intensities by integrating dust ﬂuxes
over diﬀerent time periods. Unlike wind conditions, the possibility of nonstationary state of dust suspension
is usually not considered in measurement analysis while it can impact signiﬁcantly the size distribution
of dust ﬂux, especially in wind tunnel experiments and lead to a nonconstant dust ﬂux with height. This
should be considered when interpreting and comparing dust ﬂuxes from diﬀerent events and measured at
diﬀerent heights.
Importantly, simulations show also that the size distribution and magnitude of dust ﬂuxes measured at a
few meters height diﬀer from those of the emitted ﬂux at the surface as particles start to be sorted through
the deposition process within the saltation layer. Consequently, when evaluating or calibrating “physically
based” dust emission schemes against measured near-surface turbulent diﬀusive dust ﬂuxes, emission
schemes should either account for this particle-sorting process between the surface and the measurement
level, or they should be compared with measured dust ﬂux that also accounts for gravitational settling. To
date, most physically based dust emission schemes are erroneously directly evaluated against near-surface
turbulent diﬀusive dust ﬂuxes; only Shao et al. [2011a] applied a correction to measured dust ﬂux to account
for gravitational settling.
Finally, the possible dependency of the size distribution of emitted dust to the wind speed was ignored in
this study. This point needs further research to be conﬁrmed.
5. Conclusion
We demonstrated for the ﬁrst time that in some conditions the suspension of small dust (around 1 μm)
can be a long nonstationary process (several hours depending on the wind intensity) due to the low
deposition velocity of this particle size range. This leads to a continuous enrichment of the near-surface
dust ﬂux in small particles, enrichment that is enhanced with wind intensity, independently of the possible
role of saltators. These results emphasize the importance (1) of accounting for this nonstationary process
when analyzing wind tunnel and ﬁeld measurements, (2) of measuring dust ﬂuxes per size class at high
frequency to follow accurately their time variation, and (3) of better quantifying dust deposition velocity in
ﬁeld measurements.
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